Introduction
Coral reef ecosystems are clearly impacted by global warming, which will lead extensive coral bleaching in many regions (e.g. HoeghGuldberg 1999; IPCC 2007 ).
This impact is exacerbated by local anthropogenic environmental changes particularly the overexploitation of herbivores and the eutrophication, which may reduce resilience of coral communities (Hughes et al. 2003;  Analyses of coral community survey data at different taxonomic resolution: implications for reef monitoring Bellwood et al. 2004; Mumby et al. 2006) . As a man agement approach, portions of reefs are being protected by establishing Marine Protected Areas in many coral reef regions. Although MPAs cannot control the effects of global warming, studies have shown that reef organisms, including corals, inside MPAs were able to recover faster than those outside which may be due to intact components and processes of the communities (Mumby et al. 2007; Mumby and Harborne 2010 ; but see Graham et al. 2011 ).
Because of the widespread degradation of reefs caused by the anthropogenic environmental changes at global scale, reefs in different regions should be monitored to detect changes in coral communities, and to follow their rates of recovery (Wilkinson 2004; Bruno and Selig 2007; Golbuu et al. 2007 ).
Monitoring of biological systems uses different taxon
omic resolutions mainly depending on the scientific objectives, available time and resources, including the avail ability of taxonomy experts. Several studies have been conducted to see the influence of different taxonomic resolution in identifying ecological patterns in marine benthic communities. For example, Somerfield and Clarke (1995) suggested that, whatever taxonomic level, the analyses could be carried out, and interpretable results may be obtained, especially when the pattern of commu nity change was marked. Further, Olsgard et al. (1998) found that variation in pattern between finer and coarser taxonomic resolution was greater in more pristine envi ronments. More recently, Jimenez et al. (2010) showed that, for detecting changes due to anthropogenic exploi tation, the effective taxonomic resolution varied among habitats in tropical marine invertebrates. Some other studies have also indicated that the use of coarser reso lution may be enough to detect impact of environmental change and disturbance (Warwick 1988a (Warwick , 1988b Somer field and Clarke 1995) . This was attributed to the hierarchicresponsetostress hypothesis, wherein stronger disturbance had an impact on coarser taxonomic groupings (Ferraro and Cole 1990) . It was suggested that the use of finer taxonomic resolution such as species level might create noise in the pattern, as some species react to the natural heterogeneity of environment (Warwick 1988a (Warwick , 1988b . Grouping species into coarser resolution has some advantages such as it can save time for field survey and maximize monitoring effort (Warwick 1988a (Warwick , 1988b Somerfield and Clarke 1995) .
In reef monitoring, the lifeform category in identifying coral has been the most commonly used method (English et al. 1998; Wilkinson 2004 (Lewis 1998; Cabaitan et al. 2008) . Use of lifeform resolution is also reasonable as response to disturbance by corals are often morphology specific (Rogers 1993; Loya et al. 2001) . 
Materials and methods
We conducted monitoring of coral communities in Motobu, Okinawa, southwestern Japan ( and 2010 to follow the patterns of recovery from the 1998 coral bleaching caused by seawater temperature anomaly (Loya et al. 2001) . Nine sites with different levels of wave exposure were selected (Fig. 1 ). Ryugu and Hamamoto were the least exposed sites and were close to a river.
Yakkei and Yakkei Acro were moderately exposed, while Bise North, Bise West, Churaumi, Magaigua and Sesoko South were the most exposed. The distances between sites varied from around 100 m to 8 km. Detailed results of the monitoring will be reported elsewhere, and the data set used here was extracted from the database of the detailed study. The present study examined whether the detected patterns in taxonomical richness and community composi tion varied among different levels of taxonomic reso lutions.
In each site, an area of 25 m 2 was fixed and demarcated in every monitoring to produce 25 1×1 m quadrats. The coral communities herein were recorded as digital images using a digital camera by taking 50×50 cm subquadrats.
In laboratory, ten 1×1 m quadrats not adjacent to each other were randomly selected from each site. Coral taxa richness and coral community composition in terms of percentage cover were measured from these 1×1 m quad rats with the use of CPCe program (Kohler and Gill 2006) .
The percentage covers of the different coral taxa were quantified by overlaying 100 sampling points on each 1 m 2 quadrat. The finest level of taxonomic resolution in this study was a combination of coral genus and lifeform (hereafter "genus×lifeform", see Table 1 ). Thirty "genus ×lifeform" groups were clumped into 21 genera, 11 families and 6 lifeform categories before performing the analyses.
Since the objective of this study is to examine whether One-way ANOSIM was conducted to confirm the patterns shown in MDS statistically. Pairwise comparisons between sites were also tested with the use of ANOSIM. Coral assemblage data at different levels of taxonomic resolu tion were standardized and fourthroot transformed to take into account rarer corals.
All oneway ANOVA and oneway ANOSIM analyses showed significant differences among sites for all of the taxonomic resolutions (see Table 2 Table 3 shows that all levels of taxonomic resolution (i.e., lifeform, family, genus, "genus×lifeform") had a significant or non-significant result when comparing two particular sites, while pattern 3 shows that result of life form is different from the results of the other levels of 
Results
Pattern of coral taxa richness in terms of lifeform showed a clear difference from the patterns using family, genus, and "genus×lifeform". Patterns of genus, and "genus×lifeform" had the least variation (Fig. 2) . In 2006, there were no significant results in all pairwise site comparisons using lifeform taxonomic resolution. On the other hand, in 2010 the number of pairs that resulted in significant difference using life-form level exceeded that of family, genus and "genus×lifeform" (Table 3a) . How ever, patterns of coral taxa richness using lifeform still showed some differences from the patterns using family, genus, and "genus×lifeform" in 2010 (Fig. 2) . Table 3b shows the counts of different patterns of sig nificant differences between the sites for all the possible combinations of the taxonomic resolutions. For instance, the four levels of taxonomic resolutions had significant or non-significant results in a particular site comparison (Table 3b ).
In terms of community composition, there were no clear differences among the patterns of lifeform, family, (Table   4b ).
Discussion
Our results imply that the lifeform level of taxonomic resolution may be allowable, particularly in the analyses of composition of the community in terms of percentage cover using multivariate analyses, but in the analyses of taxa richness using univariate analyses at least the family level resolution is required to detect differences in coral communities among study sites. Based on the taxa rich ness measures, lifeform taxonomic level depicted dif ferent patterns from family to "genus×lifeform" level of taxonomic resolution in most site comparisons. On the other hand, the "genus×lifeform" to the family levels resulted in similar patterns, which were also observed in other studies (Olsgard et al. 1998; Hewlett 2000) . For the composition measures, there were no clear differences in the MDS patterns between lifeform level of taxonomic resolution and each of the finer taxonomic resolutions. Table 2 Summary results of a) oneway ANOVA and b) oneway ANOSIM comparing coral taxa richness and community composition, respectively among sites with the use of different taxonomic resolutions Table 3 Summary results of Tukey's HSD post hoc tests: a) significant results of site pairwise comparisons (significance at p＜0.05 after Bonferoni correction, in bold numbers) and b) occurrence of different patterns of significant results using various levels of classification. For example, pattern 1 shows that all levels of classification had a significant or non-significant result when comparing two particular sites (indicated as all a's for the four coral taxa resolutions), while pattern 3 shows that result of life form (indicated as a) is different from the results of the other levels of classification (indicated as b's)
One reason of the disparity in the pattern could be the consideration of aggregation or grouping, whether phylo genetic or ecological attributes were used (Somerfield and Clarke 1995) . From "genus×lifeform" to family level, corals were aggregated based on taxonomic attributes, while lifeform level of taxonomic resolution was based on the ecological attributes of corals.
Aggregating "genus×lifeform" to lifeform level of taxonomic resolution would decrease the ability of ANOSIM to detect differences and thus would decrease the number of site comparisons that are significantly different from each other as observed in other studies (Somerfield and Clarke 1995) . This is due to the reduction of heterogeneity among genus×lifeform and smoothing In this situation, use of finer taxonomic resolution should be required.
According to previous studies, the use of coarser tax onomic resolution (e.g., Family and Phylum levels) is sufficient to depict patterns of biological populations or systems, especially when the area is anthropologically disturbed (e.g., pollution) (Warwick 1988a; Ferraro and Cole 1990) . This is explained by hierarchical structure of biological response to stress, wherein the impact of in creasing anthropogenic stress is manifested at higher tax onomic level (Ferraro and Cole 1990) . In contrast, species is better when obtaining information on areas with natu ral condition as it is more sensitive to natural processes (Warwick 1988a; Ferraro and Cole 1990) . However, there was some variation in the pattern, particularly for hard bottom communities, wherein anthropogenic exploitation was only clearly evident at species level (Jimenez et al. 2010 ). In coral reefs, both natural and anthropogenic disturbances occur, and it is clear that branching corals are most affected by any of the disturbances (Lewis 1998; Loya et al. 2001) . In the present study, recovery from disturbance was more noticeable on sites with branching corals, which was due to their fast growth rates. Thus, use of life-form category may be sufficient to use in the monitoring of effects of disturbance and recovery from disturbance.
Our study suggested that monitoring of coral assem blage with the use of coarser taxonomic resolution is often adequate to detect the recovery of coral assemblage after disturbance. This also allows a more reliable identification, especially when reef monitoring is being done by non experts in coral taxonomy, as it only involves identification of coral colonies to lifeforms. However, the decision whether to use a certain taxonomic resolution depends on the information needed and the cost effectiveness of the monitoring protocol and balance between the two should be considered. For specific research objectives, identification to finer taxonomic levels will be necessary (see van Woesik et al. 2011 as the example of the present study area). Table 4 Summary results of ANOSIM pairwise tests comparing coral taxa composition: a) significant results of site pairwise comparisons (significance at p＜0.05 after Bonferoni correction, in bold numbers) and b) occurrence of different patterns, as described in the previous table, of significant results using various levels of classification.
